. 24 This equation may be expressed in terms of tonicity and liquid volume, V. (dp/dV)ef= dp/dV -dT/dV dp/dT. The method of evaluating dp/dV has been described. The value of dT/dV was obtained as the product AT/Ap-dp/dV, where AT and Ap are the difference in tonicity and density, respectively, in the two BSA solutions used in the preparation of the gradient. Buoyant density distributions may be obtained with the above procedures in centrifuge tubes of arbitrary shape.
ON THE MANDIBLE OF RAMAPITHECUS* BY ELWYN L. SIMONS DEPARTMENT OF GEOLOGY, YALE UNIVERSITY
Communicated by G. E. Hutchinson, December 26, 1963 During the past three years a number of findings have enlarged scientific understanding of the initial differentiation of hominids from pongids. These advances are the outgrowth of significant developments in the study of man-like hominoids of Miocene and Pliocene age, recovered from deposits in Africa and Eurasia. In order of their occurrence these additions to knowledge are as follows: (1) The discovery and description by Dr. L. S. B. Leakey of an African member of Ramapithecus [=Kenyapithecus] at Fort Ternan, Kenya, in deposits which have been dated by the K/A method as about 14 million years old. (2) The assignment to Ramapithecus by Simons' of a second maxilla (a referred specimen of Dryopithecus punjabicus originally figured by Pilgrim,2 from Haritalyangar in the Nagri zone, Siwalik Hills, North India). (3) The recent determination at Yale that several known mandibles from the latest Miocene and/or early Pliocene of the Siwaliks can plausibly be referred to Ramapithecus. This contribution is an attempt to relate the first two of these discoveries to previously published discussions of Ramapithecus (Leakey, 3 Simons' 4) and to present new evidence showing that mandibles of the earliest hominid, Ramapithecus, are known from the latest Miocene and/or Pliocene of the Siwalik Hills, India.
It seems advisable initially to point out that a revision of dryopithecine taxonomy will soon be forthcoming (Simons and Pilbeam, 6 in press). Background and conclusions on dryopithecine taxonomy are presented in fuller detail in that study.
Abbreviations.-A.M.N.H., American Museum of Natural History, New York; B.M.N.H., British Museum (Natural History); C.M.N., Coryndon Museum of Natural History, Nairobi; G.S.I., Geological Survey of India, Calcutta; M.C.Z., Museum of Comparative Zoology, Harvard; N.M.N.H.P., National Museum of Natural History, Paris; and Y.P.M., Yale Peabody Museum, New Haven.
Material.-The type species of the genus Ramapithecus, R. brevirostris, is founded upon a right maxilla (Y.P.M. 13799) from the Siwalik Hills of North India containing the root of J2, alveolus of I', canine alveolus, and P3-M2. G. E. Lewis (written communication, 1964) states that it is probable that the specimen is not from the Tatrot as was originally indicated, but from the cuesta scarp at Haritalyangar [Nagri(?), Simons 1961 Number 13799 was brought to me by a native, who took me to a spot some distance northward from Haritalyangar and insisted he found it there. To be sure it may have occurred there, but I eventually decided that he wanted to hide its true locality. After my 1937 publication, and after Krynine6 had had such good success in petrographic studies of large rock samples from many Siwalik localities, we examined the matrix on Y.P.M. 13799 and found it to be identical with that on the collections from Haritalyangar cuesta scarp-which as Pilgrim says2 "represents a decidedly older type than that of Dhok Pathan." I had originally intended to publish my later views, but other matters and the war intervened.
Recently Simons referred a second right maxilla definitely from Haritalyangar (G.S.I. D-185) Since lower jaws with dentitions are quite commonly recovered in much greater numbers than are maxillae and upper teeth in dissociated fossil concentrations of continental deposition, there is a very high probability that if as many as four separate parts of upper dentitions of this taxon have been found, mandibular materials of this species exist unrecognized among known dryopithecine specimens. Approximately four dozen binomials have been coined to date for fossils which may represent members of the Dryopithecinae. Not one of the types of any of these species include definitely associated upper and lower dental materials. This suggests that some of the upper and lower dentitions from these deposits with different species names may represent the same species.
The tentatively referred mandible of Ramapithecus, cf. R. brevirostris (Gregory, Hellman, and Lewis8) represented by a cast Y.P.M. 13870,7 does not, in my opinion,4 belong to the genus Ramapithecus, a conclusion which Lewis now believes to be justified, inasmuch as the mandible was referred (in Gregory, Hellman, and Lewis, 1938: 21) to Ramapithecus brevirostris only because of possible occlusal relationships with the holotype maxilla, whereas it was recognized that "the teeth are somewhat too narrow and the P-has its long axis too anteroposteriorly oriented to fulfill completely the requirements of a lower dentition of the genotype." Other reasons for doubting this reference are: (1) The subsequent taxonomic allocation of these two finds is interesting. Lewis9 assigned the mandibular fragments to the genus Bramapithecus, while (as is stated above) Simons1 referred the maxilla to Ramapithecus. If one, however, accepts Pilgrim's reason for placing these upper and lower dental materials in the same species, a view which I will attempt to confirm below, then the obvious implication of taxonomic work to date is that Bramapithecus mandibles are the lower jaws of Ramapithecus. Unless species distinctions can be supported, the prior binomial for this earliest known hominid must be Ramapithecus punjabicus (Pilgrim) 1910 and the following "species" become junior synonyms of this taxon; Ramapithecus brevirostris, Bramapithecus thorpei, Bramapithecus (?) sivalensis, and Kenyapithecus wickeri.
Pilgrim's Contribution.-The type mandibular fragments of Ramapithecus punjabicus (Pilgrim) came from a high horizon in the Chinji Zone near the village of Chinji-the referred right maxilla, G.S.I. D-185, from the Haritalyangar cuesta scarp in the Nagri zone (Pilgrim, 1915: 9, 16 ). In 1915 Pilgrim2 dealt with the question of whether the two specimens could have been sufficiently separated temporally to lessen the probability of their belonging to the same species. He concluded that this was not the case. Problems regarding the rate of sedimentation, stratigraphic disconformities, and lithology in the Siwaliks are extensively discussed by Colbert."0 From this discussion, and others, it seems clear that the rate of sedimentation while the Upper Chinji-Nagri Zones were accumulating was rapid and that there are no abrupt faunal or lithologic changes between these two zones. There is some reason to think that typical Hipparion may not occur in the Chinji Zone, as was reported by some earlier workers, while other authors, such as Borisiak, 11 present evidence that the Chinji has the oldest Hipparion fauna in Asia. These data would seem to favor a pre-Pliocene age for the Chinji. The primate materials here referred to Ramapithecus punjabicus come from both the Upper Chinji and the Nagri, and I would agree with Pilgrim that but one species, R. punjabicus, occurs in the two zones. Associated faunas of both Indian and African specimens suggest that known Ramapithecus lived at about the time of the Miocene-Pliocene temporal boundary. In the absence of a series of geochemically dated faunas or detailed studies of faunal correlation between mammals of the Fort Ternan and Siwalik localities, no more precise determination of the temporal position of Ramapithecus is possible at this time. It seems unlikely, however, that the temporal range of materials here referred to Ramapithecus punjabicus will ever prove to be sufficiently great to justify two or more timesuccessive species populations. At least l am not aware of any scientific evidence, now available, which would warrant such a conclusion.
It is well known that the reference of unassociated upper and lower dentitions to the same species has its weaknesses. However, I believe that Pilgrim's decision to do so in this case can be justified on morphological grounds. Pilgrim2 summarized his conclusions on this point as follows:
The dimensions of these teeth, the moderately low cusps, the complexity of the folding of the enamel, and, above all, the peculiar serrated outer edge of the molars incline one so strongly to the opinion that we have before us a maxilla and mandible which belong to the same species, that, unless fairly conclusive evidence were forthcoming of a close affinity to another genus, or of the existence of features in the maxilla, which told against an affinity with Dryopithecs [now, in this case, Ramapithecus], I should feel fairly certain that the similarity mentioned between the mandible and the maxilla indicated specific identity. (Fig. 2) . This distinction is a direct reflection of the differences between tooth arrangement in a short-faced form and that seen in long-snouted hominoids. It is interesting to note that these same features, deep anterior contact facets, subequal size of quadrate M2 and M3, shallow but robust mandible and lingual curvature toward the sym-» -X' physis at the level of Ml, are present in the type of "Telanthropus capensis" and are about equally developed in several of Dart's Makapan mandibles of Australopithecus. Perhaps even more significant is the presence of / these same features, together with other similarities, in the Lantien jaw -1 discovered on July 19, 1963 in Northwest China."2 This mandible may be Australopithecus (s.l.), or even a member of much more recent Homo; whichever it is, resemblances between "Bramapithecus" and such hominid jaws are striking. These strong similarities reinforce the probability that "Bramapithecus" mandibles belong A B to a taxon on or near the main line are interrelated and reinforce the association of upper and lower jaws. It seems most unlikely that hominid mandibles differentiated in one species while hominid maxillae first reached the hominid grade in a different taxon. Lewis clearly recognized the hominid ties of "Bramapithecus" discussed above, but until more became known about Ramapithecus maxillae, the phyletic and taxonomic implication of structure in "Bramapithecus" remained uncertain. Lewis13 commented perceptively in his initial discussion of "Bramapithecus:" "...the sculpture of the crowns is highly suggestive of many human molars. The deep folds, persistent in spite of severe wear, are notable features. The author .., believes that the genus has affinities with Dryopithecus and was probably derived from a common stock. It may very well lie near to the stem which led to the Hominidae proper."
In his revision of 1937, Lewis9 placed the four partial lower dentitions, discussed above, in the genus "Bramapithecus" but retained three different species, "B. thorpei," "B." punjabicus, and "(?) B. sivalensis." Lewis' recognition of the taxonomic affinity of these materials was another important step but, in view of known variability in living Hominoidea, these materials need not indicate more than one species. For this species "B." punjabicus (Pilgrim) 1910 has priority. An additional specimen (here assigned to this species), B M.N.H. M-13264, from the Attock district, Punjab is either from the uppermost Chinji or from the Nagri. Three of the finds, Y.P.M. 13833, 13834, and the'type G.S.I. D-118-119,!come from the Upper Chinji And one of them, "(?) B." sivalensis, YP.M, 13806, from the Nagri age cuesta scarp at Haritalyangar. Thus, at Haritalyangar as well as at Ft. Ternan, Kenya, lower teeth of this sort have been found at a locality which has yielded Ramapithecus maxillae. It seems most unlikely that two species were independently differentiating toward Hominidae at this time (end of the Miocene and/or early Pliocene), one of which is known only from mandibles, the other only from maxillae, but both of which occur at the same sites. I can find no morphological, temporal, or distributional evidence for thinking that all the materials belonging to the "species" listed below should not be referred to one species, Ramapithecus punjabicus, which was originally diagnosed by Pilgrim"4 in 1910. In regard to the question of geographic distribution of this species, it is interesting that a right M2 from the Pontian of Melchingen, Wirttemberg, assigned by Koken'6 to Specific Diagnosis.-Same as for the genus, which is monotypic. Referred Species.-Ramapithecus brevirostris Lewis (1934:162) , Bramapithecus thorpei Lewis (1934:173) , Bramapithecus(?) sivalensis Lewis (1934:171) , Kenyapithecus wickeri Leaky (1962:690 (Fig. 3) . Dental and facial Scale XO.72. characters are so close to Australopithecus africanus as to make difficult the drawing of generic distinctions between the two species on the basis of present material. Provisionally the two genera, Ramapithecus and Australopithecus, are retained as distinct because of their considerable time separation. Ramapithecus punjabicus is almost certainly man's forerunner of 15 million years ago. This determination increases tenfold the approximate time period during which human origins can now be traced with some confidence.
